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ABSTRACT

Carbonate rock units of the upper Strawn Group 

(Desmoinesian) developed on the western flanks of the 

Llano uplift on a positive topographic platform, the 

Concho shelf. Late Mississippian and early Pennsylvanian 

orogenic uplifts along the Texas craton exposed the 

Ordovician Ellenburger Group carbonate rocks to extensive 

erosion and provided the paleotopographic unconformity 

upon which these cyclic limestones and shales were 

distributed.

Orogenic activity related to the advancing Ouachita 

Fold Belt occurred synchronously with late Strawn depo

sition. The rising Ouachita orogenic belt initiated a 

fluvial-deltaic depositional complex that prograded over 

a slowly subsiding carbonate shelf.

In early Canyon time (Missourian) deformation along 

the Ouachita Fold Belt decreased in intensity and a more 

stable carbonate platform environment was reestablished 

on the shelf.

Cycles of marine and prodeltaic shales capped by 

algal limestones characterize the Canyon Group. Paleo

topographic variations in the lower Canyon indicate early
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Missourian tectonic movement in the Ellenburger limestones. 

In contrast, the wedge-shape geometry of the upper Canyon 

carbonate units suggest shoreward-building carbonate banks. 

These banks developed over very porous, water-saturated 

prodelta shales and gained thickness as accumulating 

carbonates compressed the unconsolidated distal muds.
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INTRODUCTION

Purpose

The upper Pennsylvanian Strawn (Desmoinesian) and 

Canyon (Missourian) Groups of west central Texas are 

important stratigraphic intervals in the production of 

oil and gas in Concho and Menard Counties. Although 

economically important in petroleum production, no com

prehensive subsurface study of this interval has been 

pursued to date.

The purpose of this investigation is to (1) determine 

the subsurface geometries of the Strawn and Canyon Groups 

through interpretation of electric logs, (2) to relate 

these geometries to the ongoing depositional processes 

during different episodes of tectonic movement, and (3) to 

determine the relationship of the depositional systems to 

the production of oil and gas in the region.

Location

The area of this subsurface investigation is located 

in Concho and Menard Counties, Texas, adjacent to and north

west of the Llano uplift, between 30°43'N and 31^35'N 

latitude and 99°32'W and 100°7'W longitude. The study area 

encompasses approximately 2300 square miles, most of which
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has Cretaceous strata in outcrop (Fig. 1).

Method of Study

The stratigraphic interval of this investigation does 

not crop out in the study area. My report is based on 

.information collected through the study and correlation of 

approximately 300 electric logs. Field observation of out

crops in the Colorado River and Brazos River valleys of 

central Texas (Fig. 2) supplemented the subsurface analysis.

Correlation of electric logs provided the necessary 

control in constructing structural contour maps on the top 

of the Ellenburger, Winchell, and Home Creek Limestones 

(Pis. VIII, X, XI) and a net sand map of the thick clastic 

sequence from the top of the Capps Limestone to the base 

of the Adams Branch Limestone (PI. IX). The elevations 

used on the Home Creek, Winchell and Ellenburger maps are 

given in Appendix I.

Stratigraphic cross sections were constructed along 

structural strike (Pis. II, III) and structural dip 

(Pis. IV, V, VI, VII) in order to determine the relation

ship of the various units across the study area. The 

location of these sections can be seen on Plate I.

The general lithologic character of the units was 

determined primarily through extrapolation of information 

gathered where these units crop out to the east and 

northeast and by analysis of electric log characters.
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The vast majority of oil and gas wells drilled in 

Concho and Menard Counties are initiated by smaller, 

independent oil companies and as a result the availability 

of cores and cuttings from wells in the area was extremely 

limited.

In addition to structural maps and stratigraphic 

cross sections, a thorough research of the literature 

available on the area was conducted.

Previous Works

Most of the published information dealing with the 

Strawn and Canyon Groups in the subsurface of the study 

area appear in cross sections through Concho and 

Menard Counties. Cheney (1940) in his study of the

geology of north and central Texas, constructed struc

tural cross sections, north-south only, through the study 

area. Roberts (1961) made studies of the oil and gas 

fields of Concho and Menard Counties and their neighboring 

counties, and constructed cross sections through select 

areas. In 1962 the Abilene Geological Society also 

published a stratigraphic cross section (north-south) 

through Concho, Menard and Kimble Counties.

Adams (1951) , Cheney and Gross (1952) , and Flawn 

(1954) discuss the tectonic development of west central 

Texas.

Previous stratigraphic nomenclatures by various
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authors are discussed in subsequent sections.
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GEOLOGIC SETTING

The study area is located in the physiographic 

province known as the Edwards Plateau, adjacent to and 

northwest of the Llano uplift (Fig. 2) . In Menard County 

lower Cretaceous rocks (Comanchean) unconformably overlie 

tilted Pennsylvanian and Permian strata. To the north in 

Concho County this Cretaceous cover has been eroded to 

expose lower Permian (Wolfcampian and Leonardian) rocks 

that dip gently (less than 1°) to the west-northwest 

(Fig. 1) .

The nearest exposures of upper Strawn and Canyon age 

rocks occurs to the east of Concho County in McCulloch and 

Coleman Counties. They can be easily observed in a north

east trending outcrop north of the Brady Mountains (Fig. 2)
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FIGURE 2. LOCATION OF OUTCROPPING PENNSYLVANIAN 
ROCKS IN CENTRAL TEXAS AND THEIR 
RELATIONSHIP TO THE STUDY AREA, 
adapted from Keir and others(1980)



TECTONIC SETTING

Ccncho and Menard Counties are located to the north

west of the Llano uplift, a Precambrian structural high 

(Cloud and Barnes, 1948). The uplift is an erosional 

remnant of a much larger Precambrian structural feature 

called by various authors the Concho Foreland (Cheney, 

1948), the Texas Peninsula (Adams, 1951) and the Texas 

Craton (Flawn, 1954). This feature (Fig. 3) appears to 

have had a marked effect on depositional patterns from 

the Cambrian through the Permian.

The first Paleozoic sea to inundate vest central 

Texas entered a region of about 800 feet maximum relief. 

Studies of the eolian deposited Hickory Sandstone and the 

overlying marine limestone of the Cap Mountain Member 

suggest the lower Cambrian was a period when subsidence in 

the region was greater than sedimentation.

Mild uplift in the middls Cambrian allowed the erosion 

of the lower Cambrian Lion Mountain Limestone and depo

sition of the Wedge Sandstone east of the study area.

During this period sedimentation kept pace with subsidence 

and shallow water siltstones of the Point Peak were depo

sited. Near the end of Point Peak deposition subsidence 

once again exceeded sedimentation and the San Saba Member,

8
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FIGURE 3. APPROXIMATE LOCATION OF THE TEXAS 
PENINSULA DURING ORDOVICIAN 
DEPOSITION, after Adams(1951)
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abundant in pelmatozoan and trilobite fragments, accumu

lated. Reef configurations in the San Saba indicate a 

northeast-trending seaway that shallowed to the west and 

the Texas peninsula (Barnes and Bell, 1977).

Subsidence of the peninsula continued through the 

Cambrian as the region was slowly inundated by an extensive 

Ordovician epicontinental sea; evidence of which can be 

seen in the widespread deposition of thick limestones and 

dolomites of the Ellenburger Group.

In the middle to late Ordovician, uplift along the 

axis of the northwest-trending cratonic peninsula arched 

the Cambrian and early Ordovician strata forming a broad 

subareally exposed feature allowing extensive erosion of 

Cambrian and early Ordovician strata. This uplift con

tinued into the Silurian as evidenced by the erosional 

thinning of the Ellenburger Group westward across west 

central Texas (Cheney and Gross, 1952). Rocks younger 

than early Ordovician and older than Mississippian were 

once believed to be missing from the Llano uplift of cen

tral Texas (Holmquest, 1955). Subsequent studies, however, 

have identified Silurian age fossils in collapse structures 

in older rocks in the region. The Silurian age brachio- 

pods, found in minute erosional remnants east of the study 

area, indicate the region was probably covered by a shallow 

sea for a short period some time during the middle Silurian 

before being uplifted in late Silurian time (Barnes and
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others, 1966) .

The peninsula began to subside in early Devonian time 

and was once again covered by an extensive epicontinental 

sea that deposited a thick interval of limestone and shale. 

Recurrent, mild regional subsidence and uplift during the 

Devonian is. indicated by isolated outcrops of Devonian 

limestones resting unconformably on different members of 

the Ellenburger in Mason County (Barnes, Cloud, and Warren, 

1947). The Devonian age sediments have been removed from 

the study area.

During the Mississippian the same process of mild, 

recurrent uplift and subsidence continued with the depo

sition of the Chappel Limestone and its basinward equiva

lent the Barnett Shale.

During the late Mississippian and early Pennsylvanian 

times, an elongate foreland basin (the Fort Worth basin) 

became defined due to structural activity in the Ouachita 

Fold Belt (Brown, 1973). Deposition of the Morrowan age

Marble Falls Limestone is associated with the initial down-

Vf on
warping of the Fort Worth basin in from of the Ouachitas 

and the establishment of a carbonate platform to the south

west. During the Atokan, deformation and uplift along the 

fold belt resulted in a northwestward shift of the axis of 

deposition causing a deepening of the Fort Worth basin (Flawn

and others, 1961) as a westward prograding terrigenous clas

tic wedge (the Smithwick and lower Strawn) entered the basin
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along a high gradient paleoslope from the Ouachita Fold 

Belt (Brown, 1973). This rapid influx of elastics along 

the eastern flanks of the peninsula initiated the develop

ment of an asymmetrical arch along its axis. The steeper 

limb of the arch is to the east and the western, more 

gently dipping limb formed the eastern shelf of the Midland 

Basin. This arch, the Bend arch, proved to be a barrier 

in early Pennsylvanian time, restricting deposition of the 

Smithwick and lower Strawn to the Fort Worth basin (Brown, 

1973).

As tectonic activity along the Ouachita Fold Belt 

increased in intensity during late Atokan and early Des- 

moinesian time, the now rapidly-filling Fort Worth basin 

could no longer accept the heavy clastic influx. Sediments 

derived from the system began to cross the Bend arch and 

were deposited on the eastern shelf of the Midland Basin 

(Brown, 1973).

The Electra arch of north Texas (Fig. 4) was uplifted 

during the early Pennsylvanian adding to the influx of 

clastic sediments on to the Eastern shelf (Cheney, 1940). 

Because of the higher sedimentation rates on the northern 

portion of the eastern shelf, an asymmetrical downwarping, 

triggered by sedimentary loading, took place resulting in a 

northwest-trending flexure on the southern portion of the 

shelf referred to in the literature as the Concho arch 

(Fig. 4). The flexure continued to gain prominence as
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FIGURE 4. MIDDLE TO UPPER PENNSYLVANIAN 
GEOLOGIC SETTING
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increasing amounts of clastic sediments derived from the 

Ouachita Fold Belt and its associated regional uplifts 

began to prograde on the the- shelf from the north and east.

Late Mississippian and early Pennsylvanian uplifts 

along the southern portions of the peninsula had exposed 

the Ellenburger Group to extensive erosion south of the 

Concho arch. As a result, the middle to late Pennsylvanian 

limestones and shales of the Strawn Group were unconforma- 

bly deposited on an upper Ordovician paleosurface in the 

study area. This is in marked contrast to the more com

plete stratigraphic sequence seen north of the flexure 

(Kier, 1972).

By the beginning of Missourian time, prior to deposi

tion of the Canyon Group, the Concho arch was developed 

sufficiently to form somewhat of a barrier between the sub

siding eastern shelf of the Midland basin to the north and 

the more stable platform to the south. Cycles of fluvial- 

deltaic deposition followed by limestone accumulation de

veloped on either side of the flexure during Canyon time, 

but were more pronounced to the north as evidenced by thicker 

sequences of limestone and shales (Erxleben, 1975) .

During the late Pennsylvanian, a final orogenic pulse 

from the Ouachita Fold Belt resulted in the deposition of the 

Cisco Group, another fluvial-deltaic depositional limestone 

bounded cyclic sequence, similar to the Canyon Group.

As sedimentary loading increased on the eastern shelf 

well into the Permian, beds of middle Pennsylvanian through 

early Permian age began to dip gently to the northwest into 

the subsiding Midland basin. Evidence of this tilting can
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can be seen on the surface in northern Concho County where 

early Permian strata are exposed (Fig. 1). Structural 

contour maps on the Ellenburger limestones (Pi. VIII) and 

the top of the Canyon Group also reflect this post-depo- 

sitional tilting (PI. XI).



STRATIGRAPHIC FRAMEWORK

In the study area the upper Strawn rests unconformably 

on middle to upper Ordovician limestones of the Ellenburger 

Group. The Strawn Group (Desmoinesian and lowermost 

Missourian) is in turn conformably overlain by limestones 

and shales of the Canyon Group (Missourian).

Two approaches to the definition of the Strawn-Canyon 

boundary have been taken by various authors. Early writers 

such as Drake (1893) and Plummer and Moore (1921), placed 

the boundary between the two groups, on a lithostratigraphic 

basis, at the base of the lowermost limestone in a thick 

sequence of limestones, shales, and sandstones. This 

limestone seemed to be a natural division between the pre

dominantly terrigenous character of the Strawn and the 

somewhat more marine carbonates of the Canyon, and was 

named the Palo Pinto Limestone in the Brazos River valley 

and the Adams Branch Limestone in the Colorado River valley.

Cheney (1940) in an attempt to correlate these 

sequences with the Carboniferous type-sections of the mid

continent used paleontological evidence, as opposed to 

lithostratigraphic divisions, to place the upper boundary 

of the Desmoinesian within the undivided sands and shales 

of the upper Strawn near the base of the Adams Branch.

16
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Cheney based his Desmoinesian-Missourian boundary on the 

last occurrence of the brachiopod Mesolobus and the 

presence of the fusulinid Fusulina.

The boundary between the overlying Cisco Group 

(Virgilian, Wolfcampian) and the Canyon Group was 

found to correspond paleontologically with the earlier 

lithostratigraphic division placed at the top of the 

Home Creek Limestone.

The upper Strawn Group in Concho and Menard Counties 

consists of, in ascending order, the Goen Limestone, the 

Capps Limestone, and a thick sequence of undivided shales 

and sandstones, with the upper boundary being the base 

of the Adams Branch Limestone (Barnes, 1976).

The Canyon Group consists of a sequence of alternating 

limestones and shales. In ascending order these are the 

Adams Branch Limestone, the Cedarton Shale, the Winchell 

Limestone, the Placid Shale, the Ranger Limestone, the 

Colony Creek Shale and the Home Creek Limestone . (Fig. 5).

A thick sequence of Permian strata conformably overlie 

the uppermost units of the Cisco Group and crop out at the 

surface in northern Concho County. In southern Concho 

County and Menard County, these Permian rocks are uncon- 

formably overlain by lower Cretaceous (Comanchean) lime

stones which are a part of the physiographic region known

as the Edwards Plateau.
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STRATIGRAPHIC NOMENCLATURE

Introduction

The nomenclature of the principle stratigraphic units 

in west central Texas and the Colorado River valley was 

set up in connection with preliminary studies by geologists 

primarily interested in local coal deposits. The larger 

divisions were first named and described by E.T. Dumble 

(1890) and R.S. Tarr (1890) and expounded upon by 

W.F. Cummuins (.1891) . Most of the individual beds were 

described by Drake (1893) in his report on the coal fields 

of Texas while formation names were later added by Plummer 

and Moore (1921) based primarily on their studies of 

Pennsylvanian outcrops in the Brazos River valley.

Strawn Group

Tarr (1890) first described the sandstone and shale 

unites that constituted the Strawn Group in the Colorado 

River valley as the Richland Sandstone and Milburn Shale 

Divisions. These beds were correlated with units in the 

Brazos River valley by Dumble (1890, PI. LXIV) who 

referred to the sequence as the Richland-Gordon Sandstones 

of the Strawn Series. Cummins (1891), defined the Strawn 

Division in the Colorado River valley to include all the

19
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shale, sandstone, and conglomerate lying unconformably 

upon the Bend Division, from "Coal Seam No. 1" to the 

base of the overlying coral rich limestone later named 

the Capps.

Drake (1893) seperated the Strawn Division into 

20 units of alternating sandstone and shales and num

bered the units from 4 to 23, with the uppermost unit 

being called the Ricker Limestone. Drake's Strawn 

Division was stratigraphically equivalent to the Richland- 

Gordon Sandstone Series of Dumble (1890) .

Plummer and Moore (1921) considered the Strawn Group 

of the Colorado River Valley to be the rocks that overlie 

the Smithwick Shale of the Bend Group and underlie the 

Rochelle Conglomerate, equivalent to their Mineral Wells 

and Millsap Formations in the Brazos River valley to the 

north. They did point out, however, that an accurate 

correlation of the sequence bed by bed from one valley 

to the other was impossible. Because the Capps Limestone 

overlaid the Rochelle Conglomerate, this restructuring 

of the nomenclature placed the Capps within the Canyon 

Group where it was considered part of the Brownwood Shale 

Member of the Graford Formation.

Sellards and others (1932) transferred the Capps 

Limestone back to the Strawn Group and considered the 

Chaetetes rich unit to be the upper member of the
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Mineral Wells Formation.

Cheney (1940) proposed to drop the usage of the 

term "Strawn Group" and instead used the term "Strawn 

Series" to describe the sequence of limestones, shales 

and sandstones occurring above the Lampasas Series and 

beneath the Canyon Series. Considering the Pennsylvanian 

to be of systematic rank, Cheney felt the Strawn Group to 

be equivalent to the Desmoinesian Series of the mid-con

tinent and therefore felt the term "Strawn Series" to 

be more appropriate.

Cheney (1940) and later Plummer (1950) considered 

the last occurrence of the brachiopod Mesolobus to be the 

top of the Strawn Series, placing the Strawn-Canyon boun

dary at the top of the Capps Limestone.

Cheney and Gross (1952) continued to use the term 

"Strawn Series" in their writings on the tectonics of 

central Texas. However, since the late 1950's the majority 

of the work done in the Carboniferous of west central 

Texas has perpetuated usage of the Strawn as a formation 

or a group.

For the purpose of this study the Strawn is considered 

a group; only the upper portion of which is present in the 

subsurface of the study area. The upper Strawn Group con

sists of, in ascending order, the Goen Limestone, the 

Capps Limestone, and an undivided series of sands and



22

shales between the top of the Capps and the base of the 

Adams Branch Limestone (Fig. 5) .

Canyon Group

Tarr (1890) recognized the sequence of rocks now 

assigned to the Canyon Group in the Colorado River valley 

as the Brownwood Division, equivalent to the Brownwood- 

Ranger Series which Dumble (1890, PI. LXVii) recognized 

in the Brazos River valley. This sequence of limestones, 

sandstones, and shales was described as being above the 

Milburn Shales, but the upper limit was never accurately 

placed.

Cummins (1891) working in the Brazos River valley, 

recognized a thick stratigraphic interval consisting of 

alternating limestones and shales and assigned the name 

Canyon Division, for a locality in Palo Pinto County 

(.Fig. 2) . Working with the predominantly terrigenous 

underlying interval, Cummins projected the Strawn Division 

into the Colorado River valley (1981, PI. XVI) where he 

placed the Strawn-Canyon contact at the base of a lime

stone outcropping near Brownwood, in Brown County. Cummins' 

cross section showed that the Brownwood Division recognized 

by Tarr (1890) in the Colorado River valley and his Canyon 

Division of the Brazos River valley were essentially the 

same stratigraphic interval.
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Drake (1893) adopted Cummins' divisions of the 

rocks in the Brazos River valley, and on the basis 

of Cummins' cross section, applied the term "Canyon" to 

the predominantly limestone and shale sequence strati- 

graphically equivalent to the Brazos River section.

Drake recognized a Chaetetes bearing limestone, or 

"coral" bed of Cummins (1891) as the basal unit of the 

Canyon. Above this coral bed, Drake named the units, in 

ascending order, the Brownwood Shale, the Adams Branch- 

Limestone, the Cedarton Shale, the Clear Creek Limestone, 

Shale No. 7, a "cherty" limestone, the Hog Creek Shale, 

the Home Creek Limestone, the Buff Creek Shale and, at 

the top of the division, a limestone simply described as 

a Campophyllum bed. Drake's definition of the Canyon 

included virtually all the resistant limestones in the 

Colorado River valley that were of Carboniferous age.

Plummer and Moore (1921, table 1) referred to the 

Canyon as a group and divided it into formations bearing 

the names of Brazos River valley locations. These forma

tions were further subdivided into members, using the same 

nomenclature adopted by Drake (1893) .

After correlating the Campophyllum bed of Drake to 

the Gunsight Limestone (Cisco) of the Brazos River valley, 

Plummer and Moore (1921) moved the upper boundary of the 

Canyon down to the top of Drake's Home Creek Limestone.
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Plummer and Moore (1921) subdivided the litho

logic units in the Colorado River valley into couplets 

of a lower shale and an upper resistant limestone. In 

the Colorado River valley, the "coral" bed of Cummins 

(1891) which was recognized as the base of the Canyon by 

Drake (1893), was renamed the Capps Limestone. Plummer 

and Moore considered the Rochelle Conglomerate to be of 

Canyon age and designated it as the base of the Graford 

Formation, with the Brownwood Shale and the Adams Branch 

Limestone above the Capps.

Above the Graford Formation, the Brad Formation 

consisted of the Cedarton Shale, the Clear Creek Limestone, 

the Placid Shale, and the Ranger Limestone, Drake's 

"cherty" limestone.

Above the Brad Formation was the Caddo Creek Forma

tion which consisted of the Hog Creek Shale and the Home 

Creek Limestone.

Hudnall and Pirtle (1931) revised Plummer and Moore's 

classification only slightly, moving the base of the Canyon 

from the base of the Rochelle Conglomerate to a thin, 

impersistant limestone which occurred approximately one 

hundred feet above the Capps, which they called the Palo 

Pinto Limestone.

Nickell (1938) followed Hudnall and Pritle's nomen

clature as it related to the Canyon Group, but applied
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the name "Winchell" the the limestone unit previously 

referred to as the Clear Creek Member of the Brad Forma

tion.

Cheney (1940), as previously mentioned, changed 

much of the nomenclature and the rank of the units in 

the region as he attempted to correlate paleonto

logical time boundaries from the mid-continent to the 

lithostratigraphic divisions of earlier authors of central 

Texas. Cheney added a new group to the base of the 

Canyon Series in the Brazos River valley (the Whitt) which 

corresponded with the Brownwood Shale of Plummer and 

Moore (1921, table 2). This new stratigraphic interpreta

tion left the Adams Branch as the new basal unit of the 

Graford Formation and the Winchell (Brad Formation of 

Plummer and Moore, 1921) as the uppermost unit. This 

revision left only the Placid Shale and the Ranger Lime

stone as the units comprising the Brad Formation. The 

top of the Canyon Series, the Caddo Creek Formation, 

remained the same with its uppermost unit remaining the 

Home Creek Limestone.

Cheney and Eargle (1951) expanded the Whitt Forma

tion to include the Adams Branch Limestone, leaving 

the Cedarton Shale and the Winchell Limestone as the only 

two members of the Graford Formation. The upper and lower 

boundaries for the series remained the same. Cheney (1948)
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changed the name of the Hog Creek Shale (Caddo

Creek Formation) to the Colony Creek Shale in order to

clarify earlier misapplications of the term "Hog Creek".

Shelton (1958) conducted an indepth paleontologic 

study of the Strawn-Canyon Series contact, expounding 

on the fusulinid data cited by Cheney in 1940. In an 

effort to choose a lithologic unit to mark the boundary, 

Shelton chose the Capps Limestone as the uppermost unit 

of the Strawn Series, following the stratigraphic nomen

clature established almost eighteen years earlier by 

Cheney.

Two years later, Eargle (1960, table 1) reapplied the 

term group to the sequence of limestones and shales pre

viously called the Canyon Series, raising the member units 

to formation rank.

Subsequent investigations have done little to change 

the nomenclature since the early 1960's. Some of the more 

notable investigations were by Laury (1962) , Bretsky (1966) , 

Erxleben (1975) , and Barnes (1976) . Summary charts of the 

Pennsylvanian nomenclature can be seen in Eargle (1960,

PI. 27) and Roepke (1970, table 1).

For the purposes of this study of the Strawn and 

Canyon Groups in the subsurface, the nomenclature adapted 

by Barnes (1976) is accepted (Fig. 5).



STRATIGRAPHY OF THE STRAWN GROUP

Introduction

Only the upper portion of the Strawn Group is present 

in the study area and rests unconformably on the Ellenburger 

Group (Ordovician). The upper Strawn limestones identified 

on electric logs are considered to be, in ascending order, 

the Goen and the Capps (Fig. 6). Above the Capps is an 

interval of shales and lenticular sandstones (the Morris 

sand, the Wilhelm Sand, and the Cross Cut sand) that make 

up the remainder of the upper Strawn section (Fig. 5) .

The Capps Limestone crops out adjacent to the study 

area in the Colorado River valley and can be projected into 

the subsurface based on the thick clastic interval which 

overlies it. Stratigraphically, the limestone that under

lies the Capps in the outcrop is the Ricker Station Lime

stone (Cheney, 1949). Whereas the only occurrence of

the Goen Limestone at the surface is in the Brazos River 

valley. While this lower limestone may in fact be the 

Ricker Station, the term "Goen" will be used in this study 

because of its widespread use on oil well scout tickets and 

completion reports. The Abilene Geological Society, in its 

north-south stratigraphic section through Concho, Menard, 

and Kimble Counties in 1962, also used the term "Goen"

27
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to identify on electric logs the limestone unit below the 

Capps.

The general lithologic character of the units identi

fied on the electric logs was extrapolated from observa

tions made in the field in the Colorado River valley and 

from the log character.

Because the units under discussion, in the Strawn 

as well as the Canyon, appear to be cyclic in their depo- 

sitional character (a terrigenous shale interval capped 

by a resistive marine limestone), it is within this 

depositional framework that each of the major units will 

be discussed.

Goen Limestone Cycle

The Goen Limestone comprises the basal cycle of 

limestone and shales that rest unconformably on the 

Ellenberger Group in the subsurface of Concho and Menard 

Counties. The electric log character of the Goen Cycle 

is very similar to that of the overlying Capps Limestone 

and is therefore assumed to be of the same general litho

logic character.

The lower section of the Goen cycle is predominantly 

shale with an increasing percentage of carbonates in the 

upper part of the unit. As previously mentioned, the 

stratigraphically equivalent limestone seen in the outcrop 

is the Ricker Station (Cheney, 1949) , a fusulinid
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packstone with gastropods, brachiopods, and abundant 

crinoid columnals.

The thick carbonate sections seen in the Goen cycle 

(PI. Ill, well 148) in the northeastern part of the study 

area do not appear to correlate with the thick sections 

in the southwest (PI. II), as they pinch out on either 

side of a structural high in the Ellenburger (PI. VII), 

which strikes northwest-southeast near the Concho-Menard 

County line.

To the east the Goen thins and eventually pinches 

out as it approaches the Llano uplift (PI. V). This 

stratigraphic pinch-out of the Goen is also evident in 

Plate VII.

The Goen, present throughout the study area, becomes 

increasingly more carbonate to the west and clastic to the 

east across the study area; possibly reflecting the tilting 

of the Ellenburger paleosurface toward the Midland basin 

as the Llano uplift became more prominent in the Desmoi- 

nesian.

Capps Limestone Cycle

Above the Goen Limestone is a generally thirty to 

fifty foot thick interval of shales and terrigenous muds 

capped by two thick carbonate units referred to as the 

upper and lower Capps Limestone. The upper Capps Limestone 

was the last broad shelf carbonate unit deposited during
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the Desmoinesian and served as the paleosurface over which 

a thick clastic wedge of uppermost Strawn sediments was 

deposited.

Where observed in the field, the Capps is a dark 

gray, nodular to wavy bedded limestone abundant in 

fusulinids and the coral Chaetetes. Locally the Capps 

may display basal conglomeratic lenses as well as zones 

where the underlying shales are quite sandy in character, 

reflecting a cycle of terrigenous influx followed by a 

quiescent period of carbonate accumulation.

The Capps can be recognized on electric logs throughout 

the study area as a package of two thick limestone units 

sepearted by a shale of varying thickness (Fig. 6). While 

the overall Capps cycle remains almost uniform in thickness 

across the study area, it thins slightly toward the east 

and the Llano uplift (Pis. V, VII) where it becomes more 

terrigenous in character.

Where the Capps crops out to the east of the study 

area, in Brown County, the upper and lower limestone units 

are approximately fifteen to twenty feet thick, seperated 

by a shale generally eight to ten feet thick. To the west 

toward the Midland basin thicknesses of the limestones may 

reach eighty feet or more with a very thin shale stringer 

separating the upper and lower units (PI. VI).

Plate IV, a section along what has been described as 

the axis of the Concho Arch (Cheney and Gross, 1952;



32

Holmquest, 1955) shows the least variation in thickness of 

the Capps cycle from east to west but does indicate a 

thinning of the limestone units on the Bend Arch.

Upper Strawn Shales and Sands, Undivided

In order to facilitate discussion, the thick clastic 

wedge found between the top of the Capps and the base of 

the Adams Branch Limestone will be referred to as the 

"undivided sands and shales" of the upper Strawn. Probably 

equivalent to the Brownwood Shale Member of Cheney (194 0) , 

this predominantly shale interval is easily recognized 

on electic logs (Fig. 6), and embodies several sandstone 

units variously named the "Cross Cut", the "Wilhelm", 

and the "Morris", based on local oil field discoveries in 

those units.

Where observed at the surface, the sandstones are 

generally moderately sorted, fine- to coarse-grained 

litharenites and sublitharenites. Some of the units are 

locally conglomeratic and contain subrounded chert clasts 

in their basal section. A good many of the sandstone 

units show vertical burrows and some even display ripple 

marked surfaces. Laminar as well as trough crossbeds can 

be observed in many of the lenticular sandstone units.

The lenticular nature of these sands is also seen on the 

electric logs from the study area.

The gray shales of the upper Strawn, the predominant
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lithology in the Colorado River valley, weather to a 

yellowish-brown and contain abundant fossil fauna, includ

ing brachiopods, crincids, bryozoans and fusulinids. It 

was on the basis of this fauna that Cheney (1940) placed 

the Strawn-Canyon boundary within this interval.

This thick interval of shales and sandstones, whose 

geometry would best be described as a clastic wedge, can 

be seen throughout the study area. This clastic wedge 

can be seen on Plates V and VII where the interval thickens 

from approximately eighty feet in the eastern portion of 

the study area to over five hundred feet thick along the 

western limits of Concho and Menard Counties. This pre

dominantly clastic interval sometimes displays thin car

bonate units that are lenticular in nature (PI. V, well 

59 and 61). These thin carbonate units are generally 

developed just above the lenticular sandstone bodies.

A net sand map (Pi. IX), constructed to help identify 

the depositional direction of the clastic influx, indicates 

that the majority of the sediments prograding on to the 

Concho platform during the Desmoinesian were derived from 

the east, possibly the Llano uplift. The lobate pattern 

of the sands suggest they were deposited by constructive 

deltaic processes.



STRATIGRAPHY OF THE CANYON GROUP

Introduction

The Canyon Group, an interval of limestone and shale 

couplets, is recognized on electric logs as seven litho

logic units (Fig. 7). Aside from the Adams Branch, which 

could be considered the capping limestone of a cycle that 

includes the sands and shales of the upper Strawn, the 

cyclic nature of the Canyon deposition is quite apparent 

in the couplets. Each cycle consists of a clastic shale 

capped by a marine carbonate. Each carbonate marking the 

period of maximum transgression prior to being inundated 

by the prograding elastics.

The Palo Pinto Limestone, the basal Canyon unit in 

the Brazos River valley, was shown to pinch-out in eastern 

Tom Green and Schliecher Counties (Rail and Rail, 1958) 

and therefore, is not present in the subsurface of 

Concho and Ilenard Counties. Consequently, making the 

Adams Branch Limestone the lowermost Canyon unit.

Adams Branch Limestone

The Adams Branch Limestone is stratigraphically the 

lowest of several limestone units of the Canyon Group 

producing prominant ridges within the Colorado River valley

34
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north of the Brady Mountains.

Where observed in the field, in McCulloch County, 

the Adams Branch is a ten to thirty foot thick limestone 

unit that is interbedded with thin shale intervals. Dark 

gray on a weathered surface, the limestone may be very 

thin-bedded or it may show may show massive wavy beds.

Where seen on electric logs, the Adams Branch seems to 

maintain the same general characteristics into the sub

surface (Fig. 7) .

The limestone beds of the Adams Branch are highly 

micritic in nature with abundant phylloid algae and 

would best be described as an algalpackstone (Dunham, 1962) . 

Other allochems found in the matrix are fusulinids, bryo- 

zoans, brachiopods, and locally abundant crinoid fragments.

The Adams Branch varies very little in thickness 

across the region, from fifty to one hundred feet, but 

thins to the west, unlike the underlying carbonates of 

the Strawn Group which thicken westward (Pi. VI). It 

should be noted that the Adams Branch is thickest over 

structurally high areas of the Ellenburger (PI. Ill).

This relationship might suggest that tectonic movement 

in the Ellenburger during early Canyon time provided 

topographically positive areas which promoted both the 

growth and accumulation of calcareous algae, the pre

dominant allochem in the Adams Branch.
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Winchell Limestone Cycle

Having a gradational contact with the underlying 

Adams Branch Limestone, the Cedarton Shale represents the 

terrigenous, sandy shales and siltstones interval of the 

Winchell Limestone cycle.

On the outcrop, where it ranges from twenty to 

eighty feet thick, the Cedarton is primarily composed of 

mudstone, siltstone, and shale that become more marine 

to the west as the unit thickens. This depositional pattern 

is in sharp contrast to the other shales of the Canyon Group 

that thin westward (Pls.v, VI). It should be noted that 

the Cedarton thins over highs in the Adams Branch and 

becomes thickest where the Adams Branch is most thin 

(Pis. II, III).

Where the Cedarton forms broad valley floors in the 

Colorado River valley, small localized sandstone bodies 

comprised of fine- to coarse-grained litharenites can be 

observed in this predominantly shale unit. These small 

sand bodies are also recognized on electric logs, primarily 

in the eastern part of the study area.

Capping the Cedarton shale and marking a period of 

maximum transgression is the Winchell Limestone, a very 

resistive, micritic unit that is generally thick-bedded, 

but may be interspersed with shale intervals two or three 

feet thick. The electic log character of the Winchell
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(Fig. 7) corresponds quite well with the rocks seen on 

the outcrop.

This unit, described as a packstone, may be'locally 

very abundant in phylloid algae. Brachiopods, crinoids, 

or bryozoans are also present in the unit, but are sparse.

The subsurface extent of the Winchell can best be 

seen by means of a structural contour map constructed on 

top of the unit (Pi. X). The "shale line" represents the 

southwestern extent of the Winchell, a relationship also 

seen on Plates III and VII. The Winchell is the thickest 

unit in the Canyon Group, attaining thicknesses up to 

225 feet along its depositional limits in southwestern 

Menard County. The Winchell is, for the most part, uni

formly thick throughout the study area, averaging about 

190 feet.

Buildup in the unit can be correlated with changes 

in dip in the topography of the Ellenburger limestone 

(Pis. Ill, VII). These buildups might be attributed 

to compaction of underlying delta shales adjacent to the 

preexisting carbonate buildups in the Adams Branch or 

continued, mild movements in the Ellenburger creating 

topographically positive areas that promoted the growth 

of calcareous algae.

Ranger Limestone Cycle

Overlying the Winchell Limestone and constituting the
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lower member of the Ranger Limestone cycle is the Placid 

Shale, it generally consists of three units where it crops 

out in the Colorado River valley: a lower shale interval, 

a carbonate unit known as the Corn Creek Limestone and an 

upper shale unit. The electric log character of the Placid 

Shale reflects the lithology seen at the surface (Fig. 7). 

The lower shale, generally about twenty feet of variegated 

mudstones at the surface thins toward the basin and is 

overlain by a primarily micritic limestone with a log 

character similar to that of the Winchell Limestone. The 

upper shale interval of the Placid is considerably thicker 

at the surface than the lower unit, but thins southwestward 

as the Corn Creek Limestone thickens and appears to coalesce 

with the overlying Ranger (PI. Ill). From about the Concho- 

Menard County line southward, the Placid Shale interval is 

not distinguishable on electric logs as the carbonates of 

the Ranger thicken (Pis. Ill, IV, VII).

Where it crops out in the Colorado River valley, the 

Ranger Limestone forms a prominent northeast trending 

escarpment from the Brady Mountains to Brownwood. Observed 

in a road cut just west of Brownwood, the Ranger is a 

package of two massive, nodular beds of microgranular, 

siliceous limestone separated by a thin clay seam, a 

relationship observed on the electric logs as well (Pis.

Ill, IV).
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Paleontologically, the Ranger is quite similar to 

the other limestones of the Canyon Group, containing 

fusulinids, bryozoans,brachiopods, phylloid algae, and 

crinoid fragments.

Having approximately the same areal distribution 

as the overlying Home Creek Limestone CPI. XI) the 

Ranger thickens to the southwest (Pis. II, VII) where 

its maximum thickness of 150 to 160 feet is observed near 

its depositional limits.

Home Creek Limestone Cycle

The contact between the Ranger Limestone and the 

overlying Colony Creek Shale, a terrigenous shale com

prising the lower interval of the Home Creek cycle, appears 

to be gradational in character where it crops out in Brown 

County.

Predominantly a greenish-yellow mudstone with small 

limestone lenses, the Colony Creek thins to the southwest 

and is virtually nonexistent as it approaches the thick 

carbonate buildups near the depositional limits of the 

overlying Home Creek (Pis. Ill, IV) .'

The thickness of the Home Creek cycle varies very 

little across the study area and where the carbonates of 

the Home Creek thicken, they do so at the expense of the 

underlying shale (Pis. II, V). In other words, the capping 

carbonate unit appears to "build down" rather than form
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some type of positive carbonate mound. This "building 

down" is also seen in the Ranger cycle but is not apparent 

in the Winchell sequence (Pis. Ill, IV, VII).

The Home Creek Limestone is similar in character to 

the Ranger Limestone and appears on electric logs to be 

composed of two or three laterally persistent carbonate 

units seperated by thin shale intervals (Fig. 7). Where 

observed on the outcrop, these carbonate units are dark 

gray, wavy-bedded, and often locally fossiliferous.

Being primarily micritic in character the Home Creek con

tains bryozoans, brachiopods, pelecypods and abundant 

phylloid algae and would best be described as a packstone 

(Dunham, 1962).

The depositional limits of the Home Creek can best 

be observed by means of a structural contour map on the 

top of the uppermost unit of the limestone package. From 

thicknesses of forty to fifty feet along the axis of the 

Concho Arch (PI. IV) the Home Creek thickens to the south

west where it reaches thicknesses of 110 to 130 feet near 

its depositional limits (Pi. II). This westward thickening 

is also evident on Plates VI and VII.



DEPOSITIONAL SYNTHESIS

The limestones and shales of the upper Strawn Group 

rest unconformably on the Ellenburger Group. The onlapping 

nature of the lower intervals of the Goen cycle in relation 

to highs in the Ellenberger (PI. Ill) suggest that the 

Ordovician limestone may have been subareally exposed as 

late as the middle Desmoinesian. The Goen cycle eventually 

produced a broad carbonate shelf over which the prodelta 

shales of the Capps cycle were deposited from the east 

toward the Midland basin.

As tectonic activity related to the encroaching 

Ouachita Fold Belt waned and the influx of terrigenous 

sediments decreased, the Capps Limestone began to accumu

late on the bread, shallow shelf whose edge was to the 

west of the study area in Schleicher County (Adams, 1951, 

Fig. 3). The thickening of the limestone to the west was 

probably a result of less terrigenous influx and a rate 

of carbonate accumulation that exceeded the rate of subsi

dence caused by the compaction of the underlying shales.

The abundance of Chaetetes in the Capps would suggest that 

the prodelta shelf over which the unit was deposited had 

a shallow water marine environment with good water circu

lation and plenty of light; a time of maximum transgression.

42
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Above the Capps is the thickest sequence of terri

genous sandstones and shales in the upper Strawn. This 

westward-thickening clastic wedge probably marked the 

most intense period of tectonic activity in the middle 

Pennsylvanian in the region. The prograding deltas, 

derived from the Ouachita system to the east, reached their 

maximum thickness during this period (Fig. 8). The 

character of the electic logs in this interval (Fig. 6) 

and the net sand map constructed (PI. IX) suggest the 

deltaic system of the upper Strawn to be similar to that 

of the modern Mississippi River delta (Rainwater, 1966) .

The clastic wedge formed by these upper Strawn 

sediments changed the gradient of the subsea depositional 

surface and allowed the accumulation of the Adams Branch 

Limestone, which thins to the west, in contrast to the 

geometry of the other limestones deposited in the Canyon 

Group that generally thicken to the west (Pis. Ill, VI).

A quiesent period of deposition followed the terrigenous 

influx of the upper Strawn as the algal-rich Adams Branch 

Limestone began to accumulate. The presence of highly 

bioturbated beds in the lower Adams Branch and the presence 

of unabraided fossils lend evidence to the low energy 

conditions that accompanied deposition. Thick areas in 

the Adams Branch correspond to highs on the Ellenburger 

limestone, suggesting mild folding of the Ellenburger
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during deposition of the early Canyon Group. This struc

turing allowed the maximum and most rapid growth of carbo

nate banks as phylloid algae and crinoids flourished in 

the nutrient rich shallow water over paleohighs created 

on the delta plain surface. These carbonate banks, however, 

probably never showed a topographic relief more than a few 

centimeters high (Ball and others, 1977).

Movement of the Ellenburger probably continued during 

deposition of the Winchell cycle, as evidenced by thick 

Winchell deposits corresponding to structural highs in the 

Ellenberger (Pis. Ill, VII), similar to Adams Branch depo

sition. The abundance of variegated muds and clays and 

thick sand bodies within the Winchell would indicate that 

the Winchell was deposited on the more proximal portion 

of the prodelta surface.

Sea level fluctuated very little during deposition 

of the Canyon Group as evidenced by the lack of evaporites 

or dolomitic lithologies and the absence of any signs of 

subareal exposure.

The next depositional cycle, the Ranger Limestone 

cycle, was initiated with the influx of prodelta shales 

(the Placid Shale) across the Winchell paleosurface. When 

the deposition of the prodelta sediments ceased, carbonate 

accumulations became dominant and widespread. Areas of 

greater light intensity and nutrient-rich water near the
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distal edges of the prodelta shales promoted the growth 

of calcareous algae which in turn served to produce and 

trap carbonate muds seen in the Ranger. Studies of modern 

mud sedimentation along the Mississippi delta (Fisk and 

others, 1954) have shown that rapidly deposited muds at 

the distal edges of a delta are, for the most part, uncon

solidated and therefore retain higher than normal porosi

ties allowing for easy compaction. If carbonate sedimen

tation were to flourish on this submerged, shallow shelf 

prodelta surface, after abandonment of the distributary 

channel (as in the Ranger), it would probably be limited 

in its upward growth by wave base. At the distal edge of 

the prodelta wedge, continued compaction of the underlying 

unconsolidated muds would cause the surface upon which 

the carbonates were accumulating to subside, leaving the 

interval between the sediment surface and wave base con

stant. The geometry of the resulting carbonate unit would 

take the form of a uniform blanket of carbonate mud across 

the prodelta surface and wedge-like increases in thickness 

at its edges (Fig. 9). By this process, thicker accumu

lations of algal rich carbonate sediment may occur without 

necessarily developing a shoal or bank (Roepke, 1970).

By this model, these algae were probably more of a source 

of building material rather than important builders. This 

type of relationship is seen on all the stratigraphic
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cross sections (Pis, II-VII) and best serves as the model 

for deposition of the Ranger and Home Creek cycles. The 

abundance of pellets, in the Home Creek and Ranger the 

articulate nature of brachiopods, and the extensive 

burrowing in the base of the units suggests a very stable 

environment that was influenced very little by current 

or wave action.

At the top of the Home Creek Limestone, the gradational 

contact with the overlying shales marks the beginning of 

the next cycle of deltaic deposition seen in the Cisco

Group.



CONCLUSIONS

1) The most intense period of activity along the 

Ouachita Fold Belt during the Strawn and Canyon depo

sition occurred in the late Desmoinesian and early Missou

rian as a thick clastic wedge prograded across the Concho 

platform. This fluvial-deltaic system was deposited 

between the top of the Capps and the base of the Adams 

Branch Limestone.

2) The sea level during deposition of the Strawn and 

Canyon Groups fluctuated very little. The cyclic nature 

of the deposits was due to periodic influxes of elastics 

over a slowly subsiding shelf that allowed the accumula

tion of carbonates as terrigenous influences waned.

3) Carbonate buildups on the Concho Platform occurred 

as the result of two processes: 1) carbonate accumula

tions on paleotopographic highs related to structuring

in the Ellenberger and 2) thickening of carbonates by 

compaction near the distal edges of unconsolidated prodelta 

muds.

49



RECOMMENDATIONS FOR OIL AND GAS EXPLORATION

Concho and Menard Counties might be considered as 

somewhat of a "No-Man's Land" in the search for hydro

carbons. Major companies seldom drilled, but owned acreage, 

worked it with crude seismic and gravity meters looking for 

structural highs in the subsurface. Early surface highs 

mapped and drilled for the most part were dry.

The major producing interval north of the Ellenburger 

high (PI. VIII) along the Concho-Menard County line is the 

Goen Limestone, described as a stratigraphic trap with 

"down dip water drive and up dip porosity pinch-out".

Recent production maps of the region (Geomap No. 317, 1977) 

indicate production along structural strike of the Strawn- 

Canyon series. This suggests that production is related 

to Permian structuring, rather than depositional influences 

such as facies changes. Most of the limestone units in 

the area show good porosity on electric logs but produce 

no hydrocarbons where all the necessary ingredients of 

source (prodelta shales), seal (overlying shales), and 

trap (phylloid rich limestones) are available. It could 

be that flexuring due to post-Permian movement could have 

fractured the Goen providing the other key ingredient in 

production—permeability.

50
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I recommend that structural maps on a smaller interval 

than those provided in this report be constructed along 

this trend to detect rapid changes in dip which could be 

indicative of flexuring and in turn fracturing of the 

reservoir rock.

South of the Ellenburger high the most prolific 

producing zones are within sand bodies of the upper Strawn 

delta complex. The better exploration technique in this 

area would be to map the individual producing zones and 

look for stratigraphic pinch-outs against high area created 

by movements in the Ellenburger during the Permian.



APPENDIX I

Well Log Information
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